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INTRODUCTION

This report is the LEM Mass Properties Status as of
January 22, 1965 for the Lunar Landed Vehicle. The total weight
at Separation is 29789 pounds, which is 657 pounds lighter than
that previously reported in LED-490-16, dated 1 January 1965.

A summary of changes since the last report is as follows:

A. Ascent Stage inert ¥ weight -59
B. Ascent Stage propellant increase ~-51
C. Descent Stage inert * weight -176
De Descent Stage propellant increase =371

Total LEM weight change at Separation =657

A more detailed breakdown of the changes since the last
report is included on page 33 .

The weight estimate for resizing the LEM vehicle in
accordance with reference 4 is updated based on clarification
of previously obscure areas. Estimates for Landing Gear and
Reaction Control Subsystems, included herein, were omitted in
the previous reporte.

The weight reporting mission shown on page 5 is the
Design Reference Mission with a daylight landing described in
refe 2. The water quantity will be updated in a subsequent
report when the water study to meet the weight reporting mission
is completed. It should be noted that the Reaction Control
Subsystem, page 27, indicates the expenditure of Parking Orbit
Contingency fuel, although this nine hour period is not included
in the weight reporting mission (or DRM).

The quantity of PLSS recharges, LiOH cartridges, water and
oxygen, were reduced from 6 to 4 in accordance with ref. 3.
Implementation of the third PLSS battery and its provisions are
not included in this report, but will be incorporated when
GFE listing is updated to include it. The PLSS LiOH cartridge
recharges do not appear in the Government Furnished Equipment,
pages 42 and 43, but are currently considered common usage items.

¥ Inert weight includes all non-propulsion expendables.

patE 1 Feb. 1965
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The weight reduction, obtained through the use of
supercritical helium in lieu of ambient helium for pressuri-
zation of propulsion propellant tanks, is in this reporte.
The ambient helium tanks, used as a base in obtaining the
weight saving, reflect the LEM resizing and the reduced
safety factor changese.

The preliminary Mass Property History and the Weight
Mission History By Stages of the Design Weight LEM are
included in this report for information purposes onlye. The
Control Weight LEM Mass Property History is intentionally
omitted from this report since this area is presently un-
resolvede The tables of Government Furnished Equipment and
Pending Changes are also included herein.

The assumed AV Budget of 14094 fps. remains unchanged
since the last report. The distribution of this budget is
Ascent AV = 6664 fps. and Descent AV = 7430 fps.

v LED-490
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Table 3
. SUMMARY OF LEM WEIGHT REPORTING MISSION
MISSION PHASE ELAPSED TIME J|REPORTING MISSION|
FROM (Day Landing)
EARTH TAUNCH For loading
Expendables
Description Hours |} Minutes Hours | Minutes
-10 0
Prelaunch (ILaunch Vehicle Fueling) 10 )
0 0
Launch 12
12
Earth Parking Orbit 2 Lo
3 1
Translunar InJjection 5
3 6 5 |
Translunar Coast- Prior to gl B
Transposition 15 sl o
3 21 £ &
=During Transposition 30 8 - ;
3 51 e I
-Subsequent to Transposition 60 oL pe g
6k 15 3| 3
unar Orbit- Insertion 6 0
6L 21 T
-Coast Prior to Separation 1 26 é
65 ik
. ~Checkout 2 17
o | 68 4
EM Separation and Insertion to
Descent Transfer Orbit 20
68 2k X
oast in Descent Transfer Orbit 58 g
69 22 o
Powered Descent (& Hover) 10 2
—_ _ 169 32 =
unar Staytime 3k L5 iy
L | 104 17 &
owered Ascent T
10k 2l £
arking Orbit Contingency **¥ +
<
oasting Ascent Transfer b "
105 11 X
Rendezvous 8 g
105 19 0
Docking 15 <
105 34
rew Transfer 10
105 L
rmant LEM Time 75 L
. Active LEM Time 3 57
Post=Sevaration LEM Time (37) (40)
Total LEM Period 115 b

* Descent Period - 1 Hour 28 Minutes
**Ascent Period - 1 Hour 27 Minutes
***The Design Reference Mission (DRM) does not appear to have any Parking Orbit Contg..
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Table 4
LEM WEIGHT BY STAGES AT EARTH
LAUNCH AND LUNAR ORBIT SEPARATION
ASCENT DESCENT
TOTAL Torar,  AOIAL

1.0 Structure 11013 1208.3 2309.6
2.0 Stabilization and Control 6740 1h.2 8l.2
3.0 Navigation and Guidance 27649 28.0 3049
L0 Crew Provisions* 123.3 2045 143.8
50 Environmental Control 317.2 229.9 54741
600 Landing - 56000 560.0
7.0 Instrumentation 190.5 1750 36545
8.0 Electrical Power Supply 968.2 390.9 1359.1
9.0 Propulsion Inert 56545 1352.0 1917.5
10,0 Reaction Control Inert (502.0) -- (502.0)
-Without Useable Propellant 350.1 - 35061
-Attitude Propellant 151.9 - 151.9
11.0 Communications 1203 1k 13k Lk
12.0 Controls and Displays 228.9 -- 228.9
Inert Totals L4h61.1 39929 84540
AV Propellant (488L4.8)  (15905.9) (20790.7)
-Main Propulsion 455045 15905.9 20456.4
-Reaction Control 334.3 -- 33k.3
Totals = Earth Launch 9345.9 1980848 2924k.T
4,0 Crew Provisions +576e T -- +57647
5.0 Environmental Control ~1.0 -61.2 62,2
Te0 Instrumentation +80.0 - + 80.0
8.0 Electrical Power Supply -5.6 -40.3 -45.9
10.0 RCS - Attitude Propellant 4. -- ~Lh.1
Totals =~ Separation 9991.9 197973 29789.2

*  Without crew, suits, PLSS, radiation dosimeters, etce. (576.7 poundé).

LED-490-17
REPORY
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Ta.ble7 5
ILFM CURRENT WEICHT MISSION HISTORY BY STAGES

ASCENT STAGE DESCENT STAGE TOTAL
cgégiﬁggLEH%ggcgﬁngom TEY  bV-PROPELL. | DRY |aV-PROPELL.| WEIGHT
WEIGHT WEIGHT WEIGHT WEIGHT
(IRS) (1R3) (LBS) (LBS) (LBS)

EARTH LAUNCH AND

TRANSLUNAR TNJECTION LL61.1 4884.8 3992.9 15905.9 2924h,7
Crew and Equipment +576.7
Water, Oxygen & Hydrogen| - 5.6 -40.3
RCS =~ Checkout Propellanfl - Lol
ECS = Umbilical Hardwarel - 1.0
Scientific Equipment + 80.0
SEPARATION 5107.1 4884,8 3891.4 159059 29789.2
Water, Oxygen & Hydrogen - 17.7
Descent AV Propellant

-Main =15905.9

-RCS - 28.3
RCS - Attitude - T3e7
LUNAR TOUCHDOWN 5033k 485645 3873.7 1376346
Scientific Samples&&Equipe ~-170.0
Jettisoned on Imrain - T0.8 -3717.1
RCS - Checkout Propellanyf = L.l
LUNAR LIFT - OFF 49589 485645 981.5,0
Water, Oxygen & Hydrogen |- 92.9
Ascent AV Propellant

-Main -4550.5

-RCS -306.0
RCS-Attitude Propellant |- 49.0
BURNOUT (DOCKING) 1816.6 ‘ 4L816.6

JLED=-490- .
REPOR?




Table ©

LEM DESIGN WEIGHT MISSION HISTORY BY STAGES

MISSION PHASE AND ASCENT STAGE DESCENT STAGE TOTAL
CONSUMAELE DESCRIPTION DRY AV-PROPELLY DRY AV-PROPELI] WEIGHT
WEIGHT WEIGHT WEIGHT WEIGHT
o (1,33, ) (1LES. ) (1.BS. ) (LBS. )
EARTH LAUNCH AND 50727 5385.0 4186.8 173555 3200060

TRANSLUNAR INJECTION

Crew and Equipment
Water, Oxygen & Hydrogen
RCS - Checkout Propellant]y+541.0 -41.0
ECS = Umbilical Hardware
Scientific Equipment

SEPARATTION 613.7 53850 L145.,8 | -1735545 32500.0
Tanding Flare =50
Water, Oxygen & Hydrogen ~17.7
Descent AV Propellant
~Main ~1735545
-RCS -30.9
RCS = Attitude =737
LUNAR TQUCHDOWN 554040 53501 L123.1 150172
Scientific Samples & Equip =170.0
Jettisoned on Iurain =700 -3953.1
RCS - Checkout Propellant ~Lel
TINAR_TTFT=OFF 5L65.9 5354s1 10820.¢
Water, Oxygen & Hydrogen -96.6
Ascent AV Propellant
~Main 1 -5016.4
-RCS = 3377
RCS-Attitude Propellant -49.0

LIJRNOUT (DOCKING) 532043
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Table T

LEM WEIGHT COMPARISON
AT SEPARATION BY STAGES

SUBSYSTEM TTEM 1/1/65 CURRENT
WEIGHT WEIGHT WEIGHT
A. Ascent Stage Weight at Separation 1010245 9991.9 -110.6
1.0 Structure 1101.3 1101.3 0
2.0 Stabilization and Control T0.6 6T7.0 -3.6
30 Navigation and Guidance 27649 27649 0
L0 Crew Provisions T709,0 TO0.0 -9,0
50 Environmental Control 31642 31642 0
660 Ianding Gear - -
TeO Instrumentation = Operational 19045 19045 o)
- Scientific 80.0 80.0 0
8.0 Electrical Power Supply ohl.1 96246 +21.5
9.0 Propulsion System (524k.6)  (5116.0) (-128.6)
Propulsion Inert 589.4 51Lk.0 -T5ek
Propellant (Includes 51.5# trapped) L655.2 4602.0 =532
10.0 Reaction Control (833.5) (83242) (~1.3)
Propulsion Inert 31Lk.5 311.3 =32
Propellant (Includes 38.8# trapped) 519.0 52049 +1.9
11.0 Communications 115.5 12043 +4.8
12.0 Controls and Displays 22343 228.9 +546
B. Descent Stage Weight at Separation 20343.6 197973 -54643
1.0 Structure 1208.3 120843 0
2.0 Stabilization and Control 13.7 1k.2 +e5
3.0 Navigation and Guidance 28.0 28.0 0
La0 Crew Provisions 2545 2045 -5.0
5.0 Environmental Control 168.7 16847 0
640 Landing Gear 410.0 56040 +150.0
Te0 Instrumentation - Operational 50 50 o)
= Scientific 17040 170.0 0
8.0 Flectrical Power Supply 322.1 35066 +2845
940 Propulsion System (17978+2) (17257«9) (=T720.3)
Propulsion Inert 155345 1182.7 -370.8
Propellant (Includes 169.3# trapped) 16L2L.T 16075.2 -349.5
11.0 Communications (Portable) 1h.1 1h.1 0
Total Separation Weight (A & B) 3044641 29789.2 =65649
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PENDING CHANGES

Ttems listed belcw are those changes considered most imminent
and/or that need NASA apprcval befcre incorporation. Some of these
changes may be NASA approved but the weight data was not sufficient
for complete incorporation.

Estimated Weight Increment
Ascent Descent Separation
(Inert*) (Inert*) (Effective)

1. Delete the Redundant Pressurization Feed
Systenr from the Reaction Control Sub-
System= Proposed Weight Reduction. -11.1 =474

2o Stage PLSS and Extravehicular Garments-
This weight reduction item was
partially incorporated with the aban-
donment of two meteoroid protection
garments and one exbternal thermal
garment on the lunar surface, =970  +17T740 ~32.6

3e Reduce the LEM Hover time by one minute
- Proposed Weight Reduction is in
terms of equivalent inert weight at
touchdowne ~530.0 -1141.6

L, Incorporate the estimated structure and
instrumentaticn changes resulting from
the use of supercritical helium in
lieu of ambient = Weight Reduction
item. - - 6.0 -12.9

Se Incorpecrate heat shielding required to
protect the RCS thruster supports. +20.0 +8543

6. Increase the decking drogue waight
based on NAA estimate. + 8.0 +3h,1

Te Inicorporate the expendable changes
resulting from the use of the Design
Reference Mission with a daylight
lardinge. - -

8«  Incorporate the increasge ir trapped prc-
pellant resuiting from resizing the
vehiclee - -

*  Inert weight excludes AV Propellant.
RepORT LED-400
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PENDING CHANGES - Conte

Estimated Weight Increment
Ascent Descent Separation
(Inert*) (Inert*) (Effective)

9. Add the extra PLSS battery (Approx. U4#)
to erable more efficient use of
oxygen for lunar excursions. Any
increase over the present reported
four excursions will also increase the
quantity and weight of water, oxygen
and LiOH cartridges. Addition of
PLSS battery to GFE list will add
battery to the reported vehicle. - -—

10. Incorporate wiring changes based on
current schematics when study is
completes - -

11. Reduce the quantity and tankage of
descent supercritical helium to
meet the requirements of the STL
engine rather than the injection
requirements of the Rocketdyne
engineo =237 -51.0

* Inert weight excludes &V Propellant.

oate 1 Febe 1
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GOVERNMENT FURNISHED EQUIPMENT

This report incorporates Government Furnished Equipment
Design Weights per reference 5. Table is a listing of

“these GFE items and their weightse

It should be noted that the MIT equipment control weight
of 250 pounds has been distributed between Navigation and
Guidance (198.5#) and Controls and Displays (L4l.5#). This is
an assumed breakdown used for mass property purposes.

LED-49C~1
reorLED- 190 e NN
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Table 8
GOVERNMENT FURNISHED EQUIPMENT - DESIGN WEIGHT

Control
Code Ttem Qtyve Weight Remarks

3«0 Navigation and Guidance 198.5

3.1 MIT Equipment (Partial) 198.5 See Controls and
-TMU Displays below for
~-AGC the remainder of
HAGC/PSA Interconnection Assye this equipmente.
-PSA This is an assumed
~PSA Cover ' distribution of
-CIU's the weight pending
~Telescope and Eyepiece receipt of a MSC
-Navigation Base and Mounts distributione
=Book of Procedures

L0 rey Provisions 642.,0

Crew Accessories - CSM Stored at Earth Launch
L,1.1 Pressure Garment Assembly 2 68.0
-Torsc Garment W/Integral Boots
-Waste Management System
-Helmet (Incl. Visor & EVSTC)
~-Gloves (pair)
L.1.2 Portable Life Support System - Charged 2 (122.0)

-Dry PLSS 6.4
-LiOH Cartridge 9.0
~Water 16.2
-0Oxygen 2.2
-Battery 8.2
-PLSS mounted EVSTC and Antenna 10.0
4,1.3 Radiation Dosimeters (3.3)
=Personal Whole Body 2 2.0
=Pagsive 1 3
-Survey Meter (Less Charger & Battery)l 1.0
holoh Tiquid Cooled Garment (Charged) 2 9.0
Lhol.5 Bioinstrumentation 1 245
41,11 Emergency Oxygen System 2 65
hoo Crew = CSM Stored at Earth Taunch 2 352,0
Crew Accessories = LEM Stored at Earth Launch
bh,1.6 Thermsl Garment - External 2 26.8
4¢1.8 Meteoroid Protection Garment (Incle. visa)2 38.6
4e1ls9 Suit Repair Kit 1 1.2
he1.10 PLSS Calibration Unit 1 e
h.1.12 PLSS Spare Parts 1 1.6
4.5.1 Water Probe 5 This is an assumed
Lhe5.2 Focd, Packaging and Disinfectant 9.2 portion of the
he5.3 Medical Equipment (Negligible) weight pending
-Medications receipt of a MSC
-Clinical Instruments distribution.

DATE] Febe 1965
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Table 8
GOVERNMENT FURNISHED EQUIPMENT - DESIGN WEIGHT - Cont.

Control
Coce Ttem Qtye Weight Remarks
Ts0 Tnstrumentation 250.0
Te3 Scientific Equipment (250.0) Includes sample
Ascent Stage 80.0 containerse.
Descent Stage 1700
11.0 Communications 8.8
11.3 Television (8.8)
1l.3.1 Camera 545
11l.3.2 Lens 2.0
11.3.3 Thermal Equipment 5
1ll. 305 Tripod 08
12.0 Controls and Displays L1.5
12631 MIT Equipment (Partial) 41.5 See Navigation and
~-Eye Register for Reticule Guidance above for
-Two Digit Readout for Reticule the remainder of
-LGC Displays and Controls this equipmente

Total GFE Control Weight 1140.8

DATEL Feb. 196 :
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MSC latter PL2-13-64-571, dated 26 October 1964, "Contract NAS
9-1100, Tra=nsmittal of the Apollo Lunar Landing Design Reference
Mission Trajectorye"

MSC letbter PP6-13-64-5L46, dated 20 November 1964, "Contract NAS
C=1100, LEM Weight Report."

MSC letter PL2-12-77/13-54-70k, dated il December 196k, "Contract NAS
§=1100, Resoluticn cof M=5 Mockup Review Chits 1-16 and 1-20."

MSC letter BGS4 64=L06, dated 16 December 1964, "Contract Change
Avthorizetion No. 98 Addition of LEM Design Weights to Exhibit A."

MSC letter PS5/I167C=13-6L-=709, dated 14 December 1964, "Contract
NAS ¢=1100, Design Reference Weights for LEM GFE.”

MSC letter BG 54 64-322, dated 16 October 1964, "Contract NAS 9-1100,
Contract Change Authorization No. 82 Supercritical Helium Pressuri-
zaticn.”

MSC letter BG 54 64-375, dated 20 November 1964, "Contract No.

NAS 9-1100, Contract Charge Authorization No. 95 Communications
Subsystem Packaging.”

MSC letter BG Sk 64-392, dated 4 December 196k, "Contract NAS
G=1100, Contract Change Authorization No. 97, LEM Guidance and
Control Configuration.”

MSC letter ES2-1-65-32, dated 18 January 1965, "Coatract NAS 9-1100,
Reduction of Burst Safety Factor for the Gaseous Helium Bottles."

MSC TWX EE4=-3-5L-302. Contract NAS C=110C. Clarification of EPS
Buss Arrangement and Ioad Distribution Configuraticn Approval.

LED-490-16, dated 1 Januvery 1965, "LEM Mass Property Report (U)."

LED-400-100, dated 30 April 1964, "Allocation of Propellants and
AV to Meet the AV Budget.”

IM0O-390-330, dated 9 November 1964, er Distribution Buss Design.”

IMO-490-305, Revision A, 29 July 1964, "Preliminary LEM Mass Property
History For Control Weight and Current Status.”™

IMC-500-37, R ion F, dated 9 Janusry 1965, "LEM AV Budget."

AiResearch Report No. 8S-3292, dated 10 December 1964, Seventh Monthly
Progress Report on Cryogenic Storage and Supply Tank Assembly.

LIR-49C-29, dated 15 December 1964, "Weight Reduction Study Results.”

LTM-340-10003, dated 13 March 1964, Inboard Profile.

LDW=-28C-10050, Revisioan C, dated 7 July 1964, "Geometry Ascent Stage
=2 Tank” Drewinge
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20 LDW-280-1T7000, Revision B, dated 28 August 1964, "Genersal
. Arrangement Descent Stage'" Drawing.
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